Mechanisms of hydroxyl radical formation and ethanol oxidation by ethanol-inducible and other forms of rabbit liver microsomal cytochromes P-450.
The hydroxyl radical-mediated oxidation of 5,5-dimethyl-1-pyrroline N-oxide, benzene, ketomethiolbutyric acid, deoxyribose, and ethanol, as well as superoxide anion and hydrogen peroxide formation was quantitated in reconstituted membrane vesicle systems containing purified rabbit liver microsomal NADPH-cytochrome P-450 reductase and cytochromes P-450 LM2, P-450 LMeb , or P-450 LM4, and in vesicle systems devoid of cytochrome P-450. The presence of cytochrome P-450 in the membranes resulted in 4-8-fold higher rates of O-2, H2O2, and hydroxyl radical production, indicating that the oxycytochrome P-450 complex constitutes the major source for superoxide anions liberated in the system, giving as a consequence hydrogen peroxide and also, subsequently, hydroxyl radicals formed in an iron-catalyzed Haber-Weiss reaction. Depletion of contaminating iron in the incubation systems resulted in small or negligible rates of cytochrome P-450-dependent ethanol oxidation. However, small amounts (1 microM) of chelated iron (e.g. Fe3+-EDTA) enhanced ethanol oxidation specifically when membranes containing the ethanol and benzene-inducible form of cytochrome P-450 (cytochrome P-450 LMeb ) were used. Introduction of the Fe-EDTA complex into P-450 LMeb -containing incubation systems caused a decrease in hydrogen peroxide formation and a concomitant 6-fold increase in acetaldehyde production; consequently, the rate of NADPH consumption was not affected. In iron-depleted systems containing cytochrome P-450 LM2 or cytochrome P-450 LMeb , an appropriate stoichiometry was attained between the NADPH consumed and the sum of hydrogen peroxide and acetaldehyde produced. Horseradish peroxidase and scavengers of hydroxyl radicals inhibited the cytochrome P-450 LMeb -dependent ethanol oxidation both in the presence and in the absence of Fe-EDTA. The results are not consistent with a specific mechanism for cytochrome P-450-dependent ethanol oxidation and indicate that hydroxyl radicals, formed in an iron-catalyzed Haber-Weiss reaction and in a Fenton reaction, constitute the active oxygen species. Cytochrome P-450-dependent ethanol oxidation under in vivo conditions would, according to this concept, require the presence of non-heme iron and endogenous iron chelators.